Introduction
============

The dietary habits and nutritional adequacy of populations in developing countries may change in response to improved economic prosperity and global influences. A poor infrastructure and data management system in such countries, combined with a paucity of nutrient data for local food products, usually precludes a retrospective and comprehensive temporal analysis of changing nutritional intake. South Korea has emerged from being one of the poorest countries in the world during the 1960s to one of the top 10 world economic powers at the present time. In contrast to some other developing countries, reliable and comprehensive data on food intakes in different population groups have been collected periodically since 1969.

Although some developed western countries periodically report dietary Zn intake data from nationwide nutritional surveys ([@B35]; [@B34]), there are few reliable reports of Zn intake in Asian developing countries. There are only some previous limited Asian studies, such as in South Korea ([@B16]) and in China ([@B22]). The limited information on Zn intake is probably due to difficulties in accomplishing nutrient intake studies with large sample sizes in both cross-sectional and longitudinal studies. There is a paucity of values for the Zn content of local staple foods, or some confounding factors for Zn absorption or different dietary sources on various places and countries ([@B20]).

The adequate nutritional intake of Zn actually depends both on the amount of Zn in the diet and on its availability. Among many factors to affect bioavailability of dietary Zn intake, phytate (inositol phosphate) has been known well to decrease Zn bioavailability ([@B30]). Phytate is present at high levels in unrefined cereals, legumes, nuts, and seeds and most of the phosphorus in these foods is present mostly as phytate. Phytate contains negatively charged phosphate ligands which complex with positively charged ions such as Zn^2+^, Ca^2+^, Mg^2+^ and Fe^2+^. Absorption of these metals in the small intestine is therefore inhibited due to their chelation by phytate. ([@B5]; [@B31]). Asian countries, such as Korea, Japan and China, have been known to consume soybean products and various grains which contain large amount of phytate. Regarding the confounding factors for Zn bioavailability such as phytate, its influence should be evaluated in population groups whose diet is enriched with them ([@B2]).

In the present study, we assessed dietary Zn status in the South Korea populations and compared Zn intakes with requirement estimates to analyze the dietary Zn status in large city and rural areas over 30 years in South Koreans. The study aim was to determine the changes in the dietary Zn intake and the pattern, and molar ratios of phytate:Zn of South Koreans over the past three decades. Millimolar ratios of phytate×Ca:Zn was also assessed to indicate possible dietary strategies for improving Zn intake.

Again, since Zn deficiency is thought to be prevalent in South Korea, this study was focused to assess the change of Zn intake during years of rapid economic growth during 1969-1998.

Subjects and Methods
====================

National Nutrition Survey Report for Koreans (KNNSR) (1969-1998)
----------------------------------------------------------------

To determine Zn nutritional assessment during the past three decades (1969-1998) in South Koreans, food consumption data were taken from the National Nutrition Survey Reports for Koreans (KNNSR) during the period 1969-1998 at 10 year intervals (1969, 1978, 1988 & 1998) ([@B23]).

The survey was conducted every 2-4 years in the fall, around September, by the Korean Ministry of Health and Welfare and the Korean Nutrition Society. Each survey unit was composed of 20 households, and there were a total of 100 survey units which were composed of representative units of South Korea. This gives the representative sample of 2000 households from city and rural areas in different parts of the whole country. The representative households were selected using probability proportional and stratified multistage sampling. The civilian, non-institutionalized population of Korean for each household member was interviewed by the trained dietitians to determine food intakes on two consecutive weekdays using food records and dietary examinations. Each person\'s daily food intake in the sample household was adjusted as a percentage of the daily food intake of the normal male adult, whose daily food intake was given as 1.0. The normal male adult was defined as a person 172.0 cm tall, weighing 66 kg, aged 20-29 yr, and working at a medium level of labor ([@B13]).

Assessment of Zn, Ca and phytate intake and comparison to dietary reference intakes for Koreans (KDRIs)
-------------------------------------------------------------------------------------------------------

The assessment of dietary intakes of Zn, Ca and phytate was described in our previous study ([@B16]). Daily Zn and Ca intakes were calculated from the representative foods reported in the KNNSR by using various food composition tables, databases, and literature values ([@B11]; [@B10]; [@B12]; [@B15]; [@B17]; [@B33]). In the present study, Zn assessment was updated using the recently analyzed Zn content of various Korean foods ([@B17]). Zn values not established in the Korean Food Composition Table were taken from the USA food composition tables ([@B33]) and other selected papers for Korean Food Analysis ([@B17]). For food Zn and Ca values which were not cited in literature, substituted values for similar foods in the same food group were used. Zn or Ca value for each food item was multiplied by Zn or Ca contents per gram and summed all values up, which gives the average of Zn or Ca contents being consumed per day.

Phytate intakes were calculated using the phytate content of each food component and a cross-referenced index from the various literatures ([@B6]; [@B24]; [@B7]; [@B8] & [@B9]; [@B17]; [@B18]; [@B19]; [@B27]; [@B29]; [@B28]; [@B32]). Particularly, phytate contents in Korean foods were calculated using the reported data ([@B25]) for local foods. Adjustments were made, when necessary, to take into account any known changes in phytate content arising from food processing and preparation methods.

Dietary Zn and Ca intakes were compared to the Dietary Reference Intakes for Koreans (KDRIs) ([@B15]). The newly established KDRIs contains four subcategories, namely estimated average requirements (EAR), recommended intake (RI), adequate intake (AI) and tolerable upper intake level (UL). Of the four KDRI reference values, EAR which replaces the previous RDA, serves to assess adequacy of population intakes and it is the daily intake value needed for more than half (\>50%) of the healthy subject group population. RI is generally used for individual nutrient assessment and it is set with the value of EAR plus twice the standard deviation. RI value is to meet the needs of 97-98% of individuals in a group, thus RI would be bigger nutrient intake value than EAR. For the group or population nutritional assessment, EAR would be more appropriate and RI can still be used for the comparison of nutrient intake. The values for Zn and Ca intake in KDRIs are established for EAR, RI and UL only. In the present study, Zn and Ca intakes compared to EAR and RI as appropriate for adult males (20-29 years old), since this criteria is the same sex and age range as the KNNSR presented as per capita.

Assessment of major food items for Zn, Ca and phytate intakes
-------------------------------------------------------------

The relative importance of each food items and food groups with respect to Zn, Ca and phytate intake was established. The percentage contributions of each food item to the total daily nutrient intakes were calculated, and ranked to determine the relative importance of major food items for Zn, Ca and phytate intakes in South Koreans.

Assessment of molar ratio of phytate:Zn and millimolar ratio of phytate×Ca:Zn
-----------------------------------------------------------------------------

The daily molar ratio of phytate:Zn and millimolar ratio of phytate×Ca:Zn were calculated as follows; the molar intake of phytate (molecular weight, 660.1) was divided by the molar intake of Zn (molecular weight, 65.4). The millimolar ratio of phytate×Ca:Zn was estimated in a similar fashion using the millimolar intake of Zn, Ca (molecular weight, 40.1) and phytate.

Results
=======

Zn, Ca and phytate intakes of South Koreans (1969-1998) and comparison to KDRIs
-------------------------------------------------------------------------------

A comparison of the daily intakes of Zn and Ca to KDRIs (EAR and RI) is shown in [Table 1](#T1){ref-type="table"}. During the first two decades (1969-1988), Zn intake in large cities increased while Zn intake in rural areas decreased. Unexpectedly, Zn intake in 1969 was higher value in rural areas than the large cities (5.4 vs 4.5 mg/d/capita), but since then, from 1978 to1998, the pattern was reversed as being higher value in large cities than in rural areas. However, Zn intake of South Koreans in 1998 in both areas was still lower than the expected Zn EAR for Koreans.

The daily Ca intake of South Koreans over the three decades (1969-1998) gradually increased in both the large city and rural areas by about two-fold. Ca intake in 1969 was a higher value in rural areas and reversed since then, which gives lower Ca intakes in rural areas than in large city areas, as was the case for Zn intake.

Molar ratio of phytate: Zn and phytate×Ca:Zn
--------------------------------------------

The molar ratios for phytate:Zn and millimolar ratio of phytate×Ca:Zn for the South Korean diet are shown in [Table 2](#T2){ref-type="table"}. Molar ratios of phytate:Zn over 30 years from 1969 to 1978 in large cities and rural areas were far greater than 15, a threshold value for relative risk of Zn deficiency ([@B4]) and even equal or above 20, a value for critical Zn deficiency ([@B3]). During 1969 to 1988, the ratio of phytate:Zn was about the same in both areas in each year. Notably, in 1998, the ratio of phytate:Zn in the large city (7.6 molar ratio) decreased, compared to those people living in rural area (9.7 molar ratio).

The suggested critical values for the millimolar ratio of phytate×Ca:Zn have been reported as \>200 ([@B4]). The millimolar ratios of phytate×Ca:Zn in large cities during the period 1969-1988 increased having 103-135.5 millimolar, however, the ratios decreased almost two-fold in 1998. The millimolar ratios of phytate×Ca:Zn is shown with a similar pattern to the molar ratio of phytate:Zn being observed, namely a lower ratio in the large city area than in the rural area.

Major food items for Zn, Ca and phytate intakes
-----------------------------------------------

The amounts and percentage contributions of each major food items to daily intake of Zn, Ca and phytate are shown in [Table 3](#T3){ref-type="table"}. For thirty years, Zn intake from plant food groups decreased, while Zn intake from animal groups increased. In 1969-1978, barley, rice and soybean were major sources of Zn. In 1988-1998, beef became the second major source of Zn intake, which was a minor source in 1969. The major contribution for Zn intake was rice for thirty years with decreasing contribution of 36% in 1969 to 20% in 1998. The major Ca source for over 30 years was anchovy and one-third of the daily Ca intake was provided by vegetables. In 1989-1998, the principal Ca source was milk, instead of grain products which was the main source in 1969-1878. Among the foods consumed by South Koreans for three decades, cereals and grain products supplied most of the dietary phytate (69-85%), followed by legumes, fruits, and seasonings. The high phytate-containing foods in the Korean diet were rice and soybean products, such as soybean paste, soybeans, soy sauce and tofu.

Discussion
==========

This study presents the data for Zn intake of South Koreans over a 30 year period (1969-1998) since the National Nutrition Survey for Koreans (KNNS) has been established since 1969 in South Korea. To our knowledge, representative Zn intake of South Koreans both in large city and rural area over longitudinal periods has not previously been reported. We previously reported the representative Zn intake of South Koreans in large cities and rural areas for cross-sectional time point at 1995 using KNNS Report ([@B16]). The implications of our previous and present results are of considerable nutritional significance for South Koreans and perhaps for populations of other developing countries. Importantly, this study presents representative Zn intake information for South Koreans using the data from the nationwide Korean National Nutrition Survey (KNNS) Reports, rather than from the Zn intake of selected Korean people. Furthermore, we compared Zn intake in relation to the Dietary Reference Intake values for Koreans (KDRI) which were newly established in 2005. The results broaden and update the information from our previous study, which also assessed the dietary molar ratios of phytate:Zn and millimolar ratio of phytate×Ca:Zn of South Koreans ([@B16]).

The trend of Zn intake in South Koreans
---------------------------------------

Since the early 1970s, South Korea has experienced one of the fastest economic growth rates recorded for any country in the world in recent history. The change in economic fortunes has brought profound changes in lifestyle and nutritional habits. The traditional Korean diet was based on plant foods, with high intakes of grain products and legumes and relatively low intakes of milk and meats. The changes in diet are characterized by increasing contributions of animal foods like meat, fish and their products. The variety of traditional foods, such as rice and grains, kimchi (fermented oriental cabbage), soybean and its products, red pepper powder and paste, has however been retained and intakes have quantitatively increased. This trend in dietary habits is indicated in the present study, since Zn, Ca and phytate intakes have increased over the last thirty years.

The data analyzed by this study highlight several implications on Zn intake for past 30 years in South Koreans. Firstly, the increase in Zn intake (from dietary calculations using food consumption data) was 2.9 mg/d over the past three decades (4.5 mg/d to 7.4 mg/d), and this increase was greatest during the last decade since the 1990s. Secondly, the apparent dietary Zn intake of South Koreans in the late 1990s was approaching that of Western countries, and Zn food sources were shifting from plant foods to a variety of animal foods. Thirdly, Zn and phytate intakes were higher in rural areas than in large city areas due to higher intake in whole grain in rural areas in 1969, but it was reversed in thirty years later in 1998 due to higher intake in animal food in the large city. *Fourthly*, even though quantitative Zn intake, phytate intake was still moderately high which may cause adverse effects on Zn nutriture due to the high molar ratio of phyate:Zn and millimolar ratio of phytate×Ca:Zn.

The recommended dietary Zn intake level for South Koreans has decreased over time, from an RDA of 15mg/d for men and 12mg/d for women, which was first established in 1995 ([@B13]), and 10 mg/d for men and 8 mg/d for women, which is the present KDRI ([@B15]). These values can be compared to the US DRI of 9.4 mg/d for adult men ([@B26]; [@B35]) and the recommended nutrient intake (RNI) for the United Kingdom of 9.5 mg/d. In the present study, Zn intake of South Koreans was compared to the EAR and the RI of the Dietary Reference Intake for Koreans ([@B15]). In 1998, Zn intake of South Koreans in large cities (7.4 mg/d) was 91% of estimated average requirement (EAR, 8.1 mg/d) and 74% of recommended intake (RI, 10 mg/d). Since the KDRI for Zn has decreased, more South Koreans are meeting or exceeding this level. However, during the period of 1969-1988, Zn intake of South Koreans was around 4.5-5.6 mg/d which is equivalent to the low levels (3.7-5.4 mg/d) reported for the developing countries ([@B4]). However, during the decade of late 1998, Zn intake in South Koreans markedly increased to 7.4 mg/d, which was same level to that of UK women (7.4 mg/d), but lower than that of UK adult men (10.2 mg/d) in 2000/2001 ([@B35]), and also lower than that of normal healthy Americans (11.9-12.3 mg/d). Zn intake of South Koreans is lower than the Zn intake level reported in China (10.6 mg/d) for the 2002 China Nationwide Nutrition and Health Survey, which uses almost the same nutritional survey scheme of the KNNS ([@B21]). However, Zn intake of Koreans in 1998 was higher than in most developing countries, such as Thailand (4.4 mg/d), Egypt (5.2 mg/d) or Mexico (5.4 mg/d) ([@B4]). Therefore, the study results show that the Zn intake in South Korea has been improving over the past three decades from poor Zn intake levels towards meeting the optimal Zn reference intake level. In the present study, the Zn intake (7.4 mg/d) in 1998 was slightly lower than in the previous report for 1995 (10.1 mg/d) ([@B16]).

Zn and phytate intakes of South Koreans in 1969 were higher in rural areas than in large city areas, however, this pattern had reversed by 1998, when the highest levels were recorded in large city areas ([Table 1](#T1){ref-type="table"}). The pattern implies that in the 1960s, most of the Zn food sources were plant-foods which also contain higher phytate. Cereals and grains are the major sources of Zn and phytate which accounts for 69 and 77% of the recommended daily intake for Koreans in 1969, respectively. The pattern of reasonably high Zn and phytate intake in plant-food oriented diets has been shown in previous studies of countries where plant food is the major dietary supply, (9.0 and 2254 mg/d) ([@B4]; [@B1]), Malawi (6.0 and 1617 mg/d) or Mexico (5.4 and 1666 mg/d) ([@B4]). In South Koreans, during the 1960s, Zn and phytate intakes were higher in rural areas where more plant foods were consumed. As the economic status of the country increased the pattern for Zn was reversed probably in part due to an increase in animal food intake in urban areas.

Zn Deficiency based on phytate:Zn molar ratio phytate×Ca:Zn millimolar ratio
----------------------------------------------------------------------------

The moderately high phytate intake values of South Koreans in this study are possibly due to the following reasons. Over the past decades, the major grains in the Korean diet have gradually changed from milled white rice to less-milled whole or partial-milled various grains, which have higher phytate content. This trend is largely a consequence of increased health concern in urban populations even in rural area as their economic status improves. Another reason for high phytate intake which is specific for South Koreans is the consumption of soybean and its products, which is high even when compared to the Chinese ([@B21]; [@B22]). Koreans eat considerably more Zn-absorption inhibiting soy products (such as soy flour, soy protein isolate or tofu processed with calcium sulfate) which reduce Zn bioavilability, as compared to processed-soy products (such as soy sauce, natto, or miso etc.) which inhibit Zn absorption less and are more commonly eaten by Chinese or Japanese. In addition, the database for the phytate content of Korean foods is not yet completely established so some phytate values used for this study are substitute values which may bias the results towards an increase in the apparent intake of phytate. Even accounting for this, it is likely that high phytate consumption among South Koreans is a major adverse factor for optimal Zn nutriture in South Koreans.

Decreased phytate intake may result in a decrease in the molar ratio of phytate:Zn and millimolar ratio of phytate×Ca:Zn. Since Korean diet shifted from plant food groups to animal food groups during 1988 to 1998 due to and the improving economic status, this would be the reason for the decreased ratio of phytate×Ca:Zn. The decreased molar ratios of phytate, Ca and Zn would have contributed to a positive effect on Zn absorption, surpassing critical thresholds of Zn deficiency. The results of the present study have shown that the common diet of South Koreans has lowered phyate:Zn molar and phytate×Ca:Zn millimolar ratios, which indicates the Koreans might not be at risk from Zn deficiency since the dietary intake of Zn is improving and phytate intake decreased.

In conclusion, this study showed that dietary Zn intake in South Koreans over the past thirty years (1969-1998) has improved both as regards the dietary recommendation level, and also the variety of food sources. During 1998, however, there is still a relatively high risk of Zn deficiency among South Koreans due to the composition of phytate-rich foods, such as whole grains and soybean products, which is quite specific for Korean diets and contributes to the high molar ratios of phytate:Zn and phytate×Ca:Zn. The study reports the dietary Zn, Ca and phytate status that serves as a meaningful reference in nutritional Zn pattern among South Koreans for a longitudinal period. Also, the study suggests strategies for improving consumption of phytate-rich foods in relation to the reported pattern of molar ratios of phytate:Zn and millimolar ratio of phyate×Ca:Zn for the past 30 years.
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Average Zn and Ca intakes in South Koreans over thirty years (1969-1998) using representative National Nutrition Survey Reports for South Koreans (KNNSR) and the comparison to the estimated average requirements (EAR) and the recommended intake (RI) ~1-3~
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~1~Zn, Ca and phytate intakes are presented as mg/day/capita.

~2~Food consumption data for the calculation of daily Zn and Ca intakes were taken from the National Nutrition Survey Reports for South Koreans (KNNSR) as described in Methods for more details ([@B23])

~3~EAR and RI values for nutrient intake comparison were used of 20-29 years old male, since KNNSR was reported as \'capita\' who was set for 20-29 years old man. The values are 8.1 mg/d for EAR and 10 mg/d for RI for Zn and 580 mg/d for EAR and 700 mg/d for RI for Ca. EAR is set for the daily intake value needed for more than half percent (\>50%) of the healthy subject group population and RI is set to meet the needs of almost all (97-98%) individuals in a group.

###### 

Molar ratios of Zn, Ca and phytate in South Koreans1.

![](nrp-1-356-i002)

^1^The molar ratio of phytate:Zn was calculated as the mole of phytate intake (molecular weight, 660.1) was divided by the mole of Zn intake (molecular weight, 65.4). The millimolar ratio of phytate×Ca:Zn was estimated in a similar manner using the millimole of Zn, Ca (molecular weight, 40.1) and phytate intake.
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Contributions of the major food items to Zn, Ca and phytate intakes in South Koreans in 1969-1998 \[mg/d/capita (% daily total intake)\]
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Note : Values were calculated from the daily food intakes in 1969 to 1998 Korean National Nutrition Survey Reports (KNNSR) in nationwide in South Korea.
